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A.1. GENERAL 


This appendix gives a summary of results of instrumented pile loading tests in soils 
and rocks in Hong Kong. The data were obtained from published papers and from local 
developers, consultants and piling contractors. Based on these data, the shaft and end-bearing 
resistance mobilised in soils or rock during piling loading tests has been assessed and 
discussed below. 


A.2. MOBILISED SHAFT RESISTANCE ON PILES 
A.2.1 Replacement Piles 


The mobilised shaft resistance values as determined from instrumented loading tests 
are summarised in Tables Al and A2 for replacement piles and displacement piles 
respectively. Table A3 summarises the loading test data for shaft-grouted bored piles or 
barrettes, which have higher shaft resistance responses when compared with conventional 
friction piles. 


A number of tests on large-diameter bored piles and barrettes founding in soils in 
Table A1 indicated that shaft resistance component is usually fully or substantially mobilised 
at a relative displacement between the pile and soil of about 1% pile diameter. 


The test results indicate a complex and erratic distribution of ‘local’ shaft resistance 
with depth. Some of the results are known or suspected to have been a result of pile 
construction, e.g. filter cake problems. Relevant construction details, including excavation 
method, measures for supporting empty bore and time used in completing the piles are 
tabulated as far as possible. 


The average mobilised shaft resistance in saprolites have been plotted in Figure A1 to 
A4 for replacement piles. Different symbols have been used in the figures to delineate the 
quality of data, which is described below. 


In Figures Al to A6, results of pile loading tests for which the shaft resistance are 
fully or substantially mobilised are plotted as solid circles. In cases where the interpreted 
maximum shaft resistance is not substantially mobilised, they are indicated as open triangle 
and marked as degree of mobilisation unknown. 


The tests results derived from three bored piles C8-6-4 in Site 1 and TP1, TP2 in Site 
6 were suspected to have been affected by construction problems and may not be 
representative. The results are shown as open circle in the figures. 


For the shaft resistance values reported by Fraser & Kwok (1986), Davies & Chan 
(1981) and Evans et al (1982), information regarding the shaft movement is not available. 
Therefore, the degree of mobilisation of shaft resistance is not known. They are also 
annotated with an open triangle marked as degree of mobilisation unknown. 


The test results reported in Sayer & Leung (1987) have not been included in the 
Figures Al to A2 because the SPT N values of saprolites at each caisson were not known. 


340 


It can be seen in the figures that there is considerable scatter in the test results. The 
variability may be related to the different method of construction and workmanship, and the 
heterogeneous nature of the saprolites with intrinsic weak bonding which may be susceptible 
to influence of pile construction (e.g. from stress relief and mechanical remoulding). 
However it is noteworthy that the scattering of the results, although considerable, is 
comparable to that for loading tests conducted in granular soils as reported by Meyerhof 
(1976) and Wright & Reese (1979). 


A.2.2 Displacement Piles 


The results of instrumented loading tests on displacement piles are shown in Figures 
A5 and A6. The symbols used are the same as for the replacement piles. For displacement 
piles, the relative movements required to fully mobilise the shaft resistance range typically 
from 5 mm to 15 mm (say about 1 to 3% pile diameter). 


In a number of the tests, the shaft resistance was not fully mobilised due to 
insufficient settlement. No extrapolation of the data to ultimate shaft resistance was made in 
view of the findings of Yiu & Lam (1990), which shows the problem of extrapolation of test 
results for driven piles (see also Section 6.4.2). In addition, it should be noted that a post- 
peak drop in the strength along the interface between a pile and a bonded material can be 
significant (Coop & McAuley, 1992). Such strain-softening characteristics, particularly in 
the case of long piles, will lead to a lower average mobilised strength. This type of behaviour 
can be assessed within the framework proposed by Murff (1980) or Randolph (1983). 
However, to quantify the effects, good quality information would be required on the interface 
behaviour, such as direct shear tests of the interface under constant normal stiffness 
conditions (Coop & McAuley, 1992). 


The test results given by Lee et al (2004b) are not included in Figure A5 as the mean 
effective overburden pressures are not available. The degree of mobilisation cannot be 
assessed because information on the load-displacement curve or relative movement between 
the pile and the soil interface is not available. These points are shown as open triangles in 
Figure A6. 


A.2.3 Piles Embedded in Rock 


The results of loading tests for piles embedded in rock are summarised in Table A4. 
Except Pile P22, which is a mini-pile socketed into rock, the embedment ratio (L/D) of the 
test piles ranges from 0.5 to 3.0. Majority of shaft resistance mobilised in the rock socket 
portion is not fully mobilised. In a number of tests, Osterberg load cells were installed at the 
base of the piles and the loading mechanism was different from that provided by kentledge. 
The uplift of the piles due to the use of an Osterberg load cell would result in a reduction of 
overburden pressure. The test results are shown in Figures 6.8 and 6.9 in the main text. 


The end-bearing resistance for all piles, except Pile P9, is not fully mobilised. The 
measured pile base settlements ranged between 2 and 14 mm. The maximum settlement is 
about 1% of pile diameter. The low mobilisation of pile base movements is attributed to the 
limitation of the loading equipment rather than the founding material itself. Pile P9 is 
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founded on granodiorite that has an average uniaxial compressive strength of 15 MPa. On 
the other hand, Pile P4 is founded on grade III/IV granite with a total core recovery of less 
than 50%. The low mobilisation of end-bearing resistance for these two piles is expected. 


A.3> DATABASE ON INSTRUMENTED PILE LOADING TESTS RESULTS 


The use of rational design to back-analyse results of pile loading tests on instrumented 
piles will lead to a better understanding of pile behaviour. However, it is evident that more 
pile loading test data are required to improve the understanding of the pile behaviour, 
particularly for those piles that have gained popularity in recent years, such as jacked piles 
and shaft-grouted piles. The Geotechnical Engineering Office of the Civil Engineering and 
Development Department has established a database of instrumented pile loading test results 
and regularly updates the plots, such as those given in Figures Al to A6. 


Practitioners are encouraged to submit such data to the Geotechnical Information Unit 
of the Civil Engineering Library to facilitate access to pile loading test data by all interested 
parties. 
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Table A1 — Interpreted Shaft Resistance in Loading Tests on Instrumented Replacement Piles in Hong Kong (Sheet1 of 4) 


Maximum : 
Pile Pile Mobilised ee i Mean Tmax B 
: 2 Average Shaft Le/SoL ean > — max 7 
Reference pene aon Pile Construction Stratum Resistance Movement | SPTN Oy o _ Tmax sae 
value ~ 5! 
(m) (m) Tmax Gin (kPa) (kPa) Ov 
(kPa) 
Fill 31* 6 NA 83.0 NA 0.37 
Bored pile — reverse circulation drill with ; F : 
Holt et al 36.9 1.0 ater flush Marine deposit + alluvium 32% 5 NA 175.0 NA 0.18 
1982 
( ) Decomposed granite 129* 39 > 100 267.5 1.30 0.48 Pl 
Fill + marine sand & clay 35* 10 NA 54.0 NA 0.65 
Hens 363.5 .0 [Bored pile — construction method unknown] Alluvial sand 42* 29 NA 140 NA 0.30 
Decomposed granite 98* 23 NA 251 NA 0.39 P3 
32.8 3, + | ooned pile CES BEE Me) SConsteied UY | pacaednened volcanics 30* 3 35 194.2 0.86 0.15 Pil 
hammer, grab & casing under water 
Ho (1992) 
36.8 oe | pored nile CES APE D)- Cousaueea Dye linecauin acs volcanics 25 5 78 205.2 0.32 0.12 P12 
hammer, grab & casing under water 
Bored pile (Pile 72/2) — constructed by Alluvium +2m decomposed 26 NA NA 63.3 NA 0.41 
30 5 hammer, grab & casing under water. granite 
: Reverse circulation drill (RCD) was used 
for the bottom 5 m Decomposed granite 21.5 NA 55 184.0 0.39 0.12 P8 
Fraser & Bored pile (Pile 86/1) — constructed by Alluvium 16 NA 15 48.0 1.10 0.33 
Kwok 22.6 1.5 hammer, grab & casing under water with a 
(1988) concrete plug at the pile base Decomposed granite 80 NA 80 133.7 1.00 0.60 P9 
Alluvium 8 NA 28 38.4 0.29 0.21 
Bored pile (Pile 99/2) — constructed using 
22 1.5 ; 
hammer, grab & casing under water 
Decomposed granite 23 NA 65 120.1 0.35 0.19 P10 
Davies & 
Chan NA NA Bored piles Decomposed granite 50 NA 42 NA 1.20 NA P16 
(1981) 
mweeny Be ||” 3g iG. , | | aneeivesalsson aching ists On Decomposed granite 235* 22 200 665.0 1.20 0.35 C3 
Ho (1982) caisson rings 
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Table A1 — Interpreted Shaft Resistance in Loading Tests on Instrumented Replacement Piles in Hong Kong (Sheet 2 of 4) 


Maximum : 
Pile Pile Mobilised ee ‘i Mean Tmax B 
: 2 Average Shaft Le/SoL ean > — max 7 
Reference pene aon Pile Construction Stratum Resistance Movement | SPTN Oy o _ Tmax ene 
t value 6. 8 
(m) (m) max (mm) (kPa) (kPa) ; 
(kPa) 
Sayer & stats . ar 70 — 100 3-12 140(?) NA NA NA 
Leung NA 2.1 ae ug CaissOl = JAC MNE ESS Or Decomposed granite 
caisson rings. 
(1987) 130 — 170 1-11 200(?) NA NA NA 
115 12 Hand-dug caisson (Pile P45) a timber Fill + alluvium + decomposed 34 NA 07 142.0 1.26 0.24 
stakes driven ahead for stability granite 
Alluvium + decomposed 18 NA 19 86.9 0.95 0.21 
Hand-dug caisson (Pile P54)— timber granite 
14 1.3 . an 
Evans et al stakes driven ahead for stability 
Decomposed granite 27 NA 43 126.3 0.63 0.21 C1 
(1982) 
Alluvium 58 NA 28 49.5 2.10 1.20 
13.2 13 Hand-dug caisson (Pile P141) — timber 
: . stakes driven ahead for stability 
Decomposed granite 52 NA 60 253.4 0.87 0.21 C2 
Malone et Barrette — constructed using rectangular F 7 
al (1992) 36 0.6 x 2.2 grabs under bentonite Decomposed granite 126.7 13 132 276.0 0.96 0.46 B3 
Pratt (1588))| SO +; ||| Hee | PATE Soc ted sine re ctanEUlal «| yecomposed pianite 152* 33 65 370.0 2.30 0.41 B2 
grabs under bentonite 
493 15 Bored pile (Pile C8-6-4) ~ constructed 54H 32 106 290.0 051 0.19 PA 
using hammer, grab & casing under water 
52.1 15 Bored pile (Pile C8-7-1) — constructed 36 8 80 360.0 0.45 0.10 PS 
using hammer, grab & casing under water 
Site 1 - - Decomposed granite 
40.6 15 Bored pile (Pile C8-17-3) x constructed 58 4 107 302.0 0.54 0.19 PG 
using hammer, grab & casing under water 
422 15 Bored pile (Pile C8-17-4) — constructed 87 10 65 270.0 1.30 0.32 P7 


using hammer, grab & casing under water 
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Table A1 — Interpreted Shaft Resistance in Loading Tests on Instrumented Replacement Piles in Hong Kong (Sheet 3 of 4) 


Maximum : 
Pile Pile Mobilised ee ‘i Mean Tmax B 
: 2 Average Shaft Le/SoL ean > — max 7 
Reference pened | teense Pile Construction Stratum Resistance Movement SPT N Oy N ise oe 2 
value ~ 5! 
(m) (m) Tmax Gini) (kPa) (kPa) Ov 
(kPa) 
Site 2 48.2 1s: * RerebUe EE WETS) = coneiucied Decomposed granite 45.3 ~1 104 318.6 0.44 0.14 P13 
using hammer, grab & casing under water 
Fill + alluvium 46* 1.6 21 108.3 2.20 0.42 
Bored pile (Pile TP1) — constructed using |Colluvium 48* 7.2 18 268.5 2.70 0.18 
65 1.0 reverse circulation drill and under - - - 
bentonite Colluvium + residual soil + Soe 29 AL 451.0 132 0.12 
decomposed granite 
Site 3 
Decomposed granite 155* 3 92 623.5 1.70 0.25 P14 
Fill + colluvium + residual 
Bored pile (Pile TP2) — constructed using |< 161 7 26 277.0 6.20 0.58 
75 1.0 reverse circulation drill and under 
bentonite Decomposed granite 72 6 68 627.2 1.10 0.11 P15 
Site 4 40 | 08x22 patentee Heine TECRnG UAE «se camiposed aanits 104* 18 80 281.3 1.30 0.37 B4 
Bored pile — constructed using hammer, 
Site 5 48 1.0 grabs and casing under water. Test section |Decomposed granite TL* 10 140 397.5 0.55 0.19 P2 
at 5.2 m from base 
42.6 de. > /Poredpile (ole TED) consumered DY 1 || Pedumumoseel avait 19*# 19 97 250.0 0.20 0.08 P17 
reverse circulation drill under bentonite 
Site 6 Bored pile (Pile TP2) ree 28*# 18 77 222.5 0.36 0.13 P18 
ored pile (Pile — constructed by 3 
one i reverse circulation drill under bentonite Derombonediardnite 
82*# 20 200 456.5 0.41 0.18 P19 
ear Sane i 1 Alluvium 94* 21 14 248.0 6.70 0.38 
Site 7 56.8 0.8x 2.2 [Barrette — constructed using rectangular 
grabs under bentonite . 
Decomposed granite 89* 17 61 410.0 1.50 0.22 B5 
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Table A1 — Interpreted Shaft Resistance in Loading Tests on Instrumented Replacement Piles in Hong Kong (Sheet 4 of 4) 


Maximum 
Pie ne seats fi a Mean Mee Tomax Bmax 
i i Average Shaft : aN i 
Reference Length | Dimension Pile Construction Stratum ; Movement SPT N Ov N ‘Triax Mark wr 
Resistance =-=— Figures 
value G.' 
(m) (m) Tmax Gein) (kPa) (kPa) ¥ 
(kPa) 
Site 8 BHO [lst aoe ee ees PSE TCU evar | ecompaged evans 51 8 66 328.1 0.77 0.16 Bl 
grabs under bentonite 
Letts ||| Sat ||icagee. |/Pamete sopstmcted by sectaneular: Brads composed oranite 78 5 65 371 1.2 0.21 B9 
under bentonite 
Aico", ||! Ge seao: [Saree = Copstmcted by wectane Ulan era enaased geanits 117 80.8 95 330 1.45 0.35 B10 
Silva et al under bentonite 
(1998) Barrette — constructed by rectangular grabs 
52.5 0.6 x 2.2 /under bentonite. Construction time ~ 72 |Decomposed granite 156 45 110 386 1.42 0.40 Bll 
hours 
Charter abl 256 fe. J, POrermile = cons ttetee by crabs Iden” ||P écomnasedl gianité 96 12.8 91 403.2 1.05 0.24 P20 
(2002) bentonite 
i Decomposed granite 
Be es Bored pile — constructed by grabs, RCD (Stage » : 39 9.5 69 415.0 0.60 0.09 P21-1 
case 49.4 1.5 for socket under bentonite. Construction = z - 
: time ~ 527 hours ecomposed granite : 
Station (Stage 2) 128 15.5 69 415.0 1.90 0.31 P21-2 
Decomposed granite (Stage 1 
Barrette — constructed by rectangular grabs Sompieecion test) 50 101 84 246.0 0.60 0.20 B6C 
38.9 0.8x 2.8 |under bentonite. Construction time ~ 42 5 - 
hours Decomiposedeuante otaee 18 172 84 246.0 0.20 0.07 B6T 
Hope et al tension test) 
2000 F 
( ) eae Bei by he el a See (Stage 1 100 24.9 88 278.1 1.10 0.36 B7C 
4 under bentonite. Scraper used to roughen 
suport ee nee exposed surface. Construction time ~ 27 | Decomposed granite (Stage 2 
pate hours tension fes1) 117 61.3 88 278.1 1.30 0.42 B7T 
Centra 
Station Decomposed granite (Stage 1 
Barrette — constructed by rectangular grabs compression an (Stag 44 50 43 319.0 1.00 0.14 B8C 
49.1 0.8x 2.8 |under bentonite. Construction time ~ 37 , : 
hours pes orbs eon (eee 30 55.3 43 319.0 0.70 0.09 B8T 
tension test) 
Bored pile — constructed by grabs and Decemmposed peta-Slttone 
: 30.2 1.5 RCD for socket in rock with casing under 55 125 40 120.0 1.38 0.45 P22 
West Rail, crater (grade V) 
nae ae Bored pile rons mucted By Brabsand Decomposed meta-siltstone 
39.4 1.35 RCD for socket in rock with casing under 84 17 50 257.6 1.70 0.33 P23 


water 


(grade V) 


Notes : 


(1) * denotes substantially mobilised 


(2) + denotes erratic strain gauge data 


(3) NAd 


enotes information not available 


(4) # denotes construction problems 
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Table A2 — Interpreted Shaft Resistance in Loading Tests on Instrumented Displacement Piles in Hong Kong (Sheet 1 of 3) 


Maximum ; 
Pile Pile Mobilised Relative Mean Tmax B 
isengii.,| Dimension Average Shaft Pile/Soil Mean a Ne max 
Reference Pile Construction Stratum Resistance Movement SPT N bs _ Tmax Mark in 
value ~ G.! : 
(m) (m) Tmax (mm) (kPa) (kPa) v Figures 
(kPa) 
Fill +marine deposits (silt) 110 15 15 72.9 7.33 1.50 
Marine clay + alluvial sand 57 9 9 129.0 6.33 0.44 
42.6 0.5 cay prestressed concrete pile (ele _ | -alfuyritin (sand eeelay) 101 5.5 20 177.0 5.05 0.57 
Alluvial sand 52 3 20 237.0 2.60 0.22 
r i“ Decomposed granite 116 1 22 317.0 5.27 0.37 D1 
remchitt et 
al (1994) 
Fill 111* 12.5 17 80.9 6.53 1.40 
Marine clay 88* 6.5 12 146.5 7.33 0.60 
43.8 0.5 Precast prestressed concrete pile (Pile P58) | Marine clay + alluvial sand 88 3.5 15 187.0 5.86 0.47 
Alluvial sand 96 2 17 242.0 5.65 0.40 
cae esas abe 37 0.5 18 322.0 2.05 0.11 D2 
Fill + alluvium 64* 13 18 53.1 3.56 1.20 
aaa 50.7 | 0.36 x 0.38 |Steel H pile (Pile PP1) Alluvium 61* 10 34 153.4 1.79 0.40 
Completely decomposed 4s* 5 36 331.9 1.25 0.14 D3 


meta-siltstone 
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Table A2 — Interpreted Shaft Resistance in Loading Tests on Instrumented Displacement Piles in Hong Kong (Sheet 2 of 3) 


Maximum ; 
Pile Pile Mobilised Pee ti Mean Tmax B 
> 2 Average Shaft 1le/SOL. ean > — max F 
Reference pene | uote Pile Construction Stratum fe Movement SPT N Oy o _ Tmax sae 
value ~ ot 
(m) (m) Tmax Gist (kPa) (kPa) Ov 
(kPa) 
Fill + alluvium 7* 5 15 68.7 0.47 0.10 
Tagen 40.4 | 0.36 x 0.38 |Steel H pile (Pile PP2) Alluvium 67 9 35 143.6 1.91 0.47 
eee 54.8 5 45 295.1 1.21 0.19 D4 
29 0.5 Precast prestressed concrete pile (Pile B29)|Decomposed granite 174 6 16 142.0 10.88 1.20 D5 
Ng (1989) 
29 0.5 Precast prestressed concrete pile (Pile B34)|Decomposed granite 129 6 23 146.0 5.61 0.88 D6 
Davies & 
Chan NA NA Driven cast-in-place piles Decomposed granite 100* NA 30 NA 3.33 NA D7 
(1981) 
ike Marine clay 32* NA 4 163.0 8.0 0.20 
Lumb 29.6 0.61 Steel tubular pile 
(1982) Decomposed meta-siltstone 63.7 NA 30 239.0 2.12 0.27 D8 
Site 9 21.7 0.5  |Precast prestressed concrete pile cous PUR Compsee 137 12 20 125.0 6.85 1.10 D9 
31.8 0.306 _|Driven steel H-pile (Pile PD1) cee GecompeseH 129.1 NA NA NA NA NA 
Cou 39.6 0.305 [Driven steel H-pile (Pile PD2) ee aged HEcomposed 56.6 NA 29 NA 1.95 NA D10 
33.2 0.305 Driven steel H-pile (Pile PD3) (oupletely Hecompesed 80.6 NA 67 NA 1.20 NA Dll 


granite 
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Table A2 — Interpreted Shaft Resistance in Loading Tests on Instrumented Displacement Piles in Hong Kong (Sheet 3 of 3) 


Maximum ; 
Pile File ee BIgeul Mean see Tmax Bmax 
i i Average Shaft : Ny ; 
Reference pened | teense Pile Construction Stratum Resistance Movement SPT N Oy N ise oe 2 
value ~ gt 
(m) (m) oo Gi (kPa) (kPa) Ov 
(kPa) 
37.9 0.305 | Driven steel H-pile (Pile PD4) ae Pecompossd 75.9 NA NA NA NA NA 
31.8 0.305 | Driven steel H-pile (Pile PDS) a decompose’ 116.9 NA 82 NA 1.40 NA D12 
Lee ef al || ag6 0.305 [Driven steel H-pile (Pile PD6) Campletely decomposed 52.6 NA 40 NA 1.30 NA D13 
(2004b) granite 
31.8 0.305 _|Driven steel H-pile (Pile PD7) a decomposed 103.8 NA 62 NA 1.75 NA D14 
: : : Completely decomposed 
39.6 0.305 | Driven steel H-pile (Pile PD8) 59 NA 25 NA 2.36 NA D15 


granite 


Notes: (1) * denotes substantially mobilised 
(2) NA denotes information not available 
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Table A3 — Interpreted Shaft Resistance in Loading Tests on Instrumented Replacement Piles with Shaft-grouting in Hong Kon 


OSE 


Maximum ; 
Pile Pile Mobilised | Rete | ow Mean st B 
: 2 Average Shaft Le/SoL ean : — max 7 
Reference pened | aueension Pile Construction Stratum Resistance Movement SPT N Oy N Tie se 2 
value ~ 6 
(m) (m) Tmax Git (kPa) (kPa) Ov 
(kPa) 
Lui et al Minipile — constructed by overburdening F 
(1993) 40 0.219 drilling. Shaft grouting in 2 stages Decomposed granite 270 4 50 315 5.5 0.85 P3 
West Rail, Bored pile — constructed by grabs with 
Yuen Long 30 1.8 casing under water. Construction time ~ |Decomposed rhyolite 190 47 40 177.6 4.8 1.07 Bl 
Station 65 hours 
Barrette — constructed using hydrofraise 
51.4 0.8 x 2.8 /under bentonite. Construction time ~51 |Decomposed granite 220 62 160 215.7 1.4 1.02 B2 
hours 
Jy eee eer eee 145 63 40 254.0 3.6 0.57 B3 
; Barrette — constructed using hydrofraise |zone) 
West Rail, : : : 
39.7 0.8 x 2.8 /under bentonite. Construction time ~ 36 
Yen Chow hain 7 d ite (1 
Street eal erate Howey 205 63 95 324.0 2.2 0.63 B4 
ae ey UbDe 113 59 30 329.0 3.8 0.34 P1 
54 12 Bored pile — constructed by grabs with 
. casing under water D d ite (l 
age Stee! 205 59 125 473.0 1.6 0.43 P2 
Barrette — constructed using hydrofraise 
Kowl 61 1.5x 2.8 Junder bentonite and surface roughen by Decomposed granite 104.9 71 53 528.1 2.0 0.20 BS 
tae. scraper. Construction time ~ 72 hours 
Packa ge 7 Barrette — constructed using hydrofraise 
36.1 1.5x 2.8 Junder bentonite and surface roughen by Alluvial sand + clay 82.2 46 18 162.8 4.6 0.50 B6 
scraper 


Notes: (1) * denotes substantially mobilised 
(2) NA denotes information not available 


Table A4 — Interpreted Shaft Resistance and End-bearing Resistance in Loading Tests on Instrumented Replacement Piles Embedded in Rock in Hong 


Kong (Sheet 1 of 5) 


Maximum 
Mobilised on Average | Average | Average 6, 
’ . Average | Mobilised: | Nieseutéd: | ee RQD of | Spacing of} of Rock 
Reference | _ Pile eile Shaft. || Wie Heae, | | -eitds Pile Base | of Rock Rock Joints | below Pile 
Denti | Bumension Pile Construction Stratum Test Arrangement | Resistance Movement Bea "n8 | Movement Meter beneath | below Pile Base Mak oe 
in Rock Resistance along Shaft} ,. Figures 
(m) (m) a) Pile Base Base 
Socket (kPa) (mm) (MPa) 
Tmax (%) (mm) (MPa) 
(kPa) 
Stage 1 — 
ROLD NE SSiOIL TSE + 000 20.3 8250 12 PIC 
Bored pile — constructed enn : : 
with grabs and RCD for |Grade II granite for entledge _ 
a a0 forming 0.9 m rock socket |socket and base ior Be sates ae 
Hope et al under bentonite Stage 2 — tension 
(2000) test loaded by 3417 16.4 NA NA PIT 
kentledge 
Airport 
Railway, . 
Geel Rock socket: 1.12m _|Stage 1 — tension : 
Station Dinca iiiee eengaiaed grade III/IV granite and test loaded by 1130 24.6 NA NA P2T 
with Ee and RCD for seeming ered. I Cee 
49.3 1.0 8 granite. 25.9 91 159 ~ 217 | Iso = 2.84 
forming 2.5 m rock socket Stage 2 — 
Barer Pepenie Pile base: grade III compression test NA 33.8 20370 113 P2C 
granite loaded by : , 
kentledge 
Stage 1 — tension 
test loaded by 1620 15.2 NA NA P3T 
Airport Bored pile — constructed kentledge 
Railway, 38.6 12 with grabs and RCD for |Grade II granite for 82.5 96 294 - 435 91.7 
Kowloon forming 1.1 m rock socket |socket and base Stage 2 — 
Station under bentonite F 
iat test | 1688 20.7 7950 2.5 P3C 


kentledge 


IGE 


Table A4 — Interpreted Shaft Resistance and End-bearing Resistance in Loading Tests on Instrumented Replacement Piles Embedded in Rock in Hong 


Kong (Sheet 2 of 5) 


Maximum 
Mobilised on Average | Average | Average 6, 
’ . Average | Mobilised: | Nieseutéd: | ee RQD of | Spacing of} of Rock 
Reference | Pile Pile Shaft Pile Head End- ; of Rock : : 
Length | Dimension as Movement | bearing pe oeee Material Bode done below Mark in 
Pile Construction Stratum Test Arrangement | Resistance ; Movement beneath | below Pile Base . 
in Rock Resistance along Shaft} ,. Figures 
Pile Base Base 
(m) (m) Socket (mm) (mm) 
Tae Ca on) (%) (mm) (MPa) 
(kPa) 
Airport Bored pile — constructed Stage 2 — 
Railway, with grabs and RCD for Grade III/IV granite |compression test 
Kowloon sO i forming 3.5 mrock socket |for socket andbase |loaded by ae ae ie ae NS sa = Ne Re 
Station under bentonite kentledge 
Stage 1 — tension 
a anes ty 914 16.6 NA NA 
Bored pile — constructed : Osterberg cell at 
with grabs and RCD for Grade WATT granite” [bave 
24.7 1.2 : for rock socket and NA NA NA 200 
forming 1.5 m rock socket nse Stage 2 — 
under bentonite F 
compression test 806 23.8 11614 NA 
loaded by 
kentledge 
Airport 
Railway, Stage 1 — 
Tsing Yi compression test 
Station loaded by 821 5.5 NA NA 
kentled ith 
Bored pile — constructed a niga sa 
245 12 with grabs and RCD for Grade III granite for 35 NA NA 40 
forming 3.0 m rock socket __|rock socket and base Stage 2 — 
under bentonite compression test 
ede bY. 1258 17.4 5208 | negligible 


kentledge after 
soft toe was 
grouted 
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Table A4 — Interpreted Shaft Resistance and End-bearing Resistance in Loading Tests on Instrumented Replacement Piles Embedded in Rock in Hong 


Kong (Sheet 3 of 5) 


Maximum 
Mobilised oe Average | Average | Average 6, 
Ref Pile Pile | pris ead ras Measured | "0 FRE | RQD of | Spacing of | of Rock 
ererence . ; alt os Pile Base : Rock Joints | below Pile 
Denti | Bumension Pile Construction Stratum Test Arrangement | Resistance Movement Des mn | Movement Material beneath | below Pile Base 
in Rock Resistance along Shaft il ki 
(m) (m) (mm) Pile Base Base Mark in 
Socket (kPa) (mm) (MPa) Figures 
Tmax (%) (mm) (MPa) 
(kPa) 
Stage 1 — 
hea ||) eee 16.7 2820 0.4 P7-1 
Bored pile — constructed ormamtae 
by grabs with casing kentledge 
under water. RCD used to |Grade II tuff for rock y . 
aes 1? form 2.1 m rock socket. _|socket and base Me non 88 nee 202 
Construction time ~ 792 Stage 2 — 
West Rail, hours compression and 
Tuen Mun tension test loaded 3900 4.6 26500 7.5 P7-20 
Centre by Osterberg cell 
at pile base 
a eee Rock socket formed in 
ae cf eerie 8 grade III/IV tuff. Compression test Not 
32.5 1.2 ‘RCD used to loaded by 2300 30 oe NA 129 90 223-1000} 190 P8 
form 1.9 m rock socket. : mobilised 
ore Pile base founded on _|kentledge 
Construction time ~ 120 
grade II tuff. 
hours 
Stage 1 — 
Rock socket formed in eet ties test 800 80 10800* 63.9 P9-1 
; Bored pile — constructed grade III/IV Oe EY, 
weet wall by grabs with casing granodiorite kentledge 
Tsuen Wan} 23.1 1.32 3 35 49 <60 15 
West under water. RCD used to ; Stage 3 — ; 
form 2.0 m rock socket Pile base foundedon | .oi5 P Strain 
eo pression test 7 
grade Ill granodiorite. lpaded'h gauges not NA 16000 86 P9-30 
y working 


Osterberg cell 


ESE 


Table A4 — Interpreted Shaft Resistance and End-bearing Resistance in Loading Tests on Instrumented Replacement Piles Embedded in Rock in Hong 


Kong (Sheet 4 of 5) 


Maximum 
Mobilised oe Average | Average | Average 6, 
Pile Pile Average Pile Head se a Measured ee a RQD of | Spacing of} of Rock 
eee Length | Dimension Hane Movement | _ bearin pile Pane Material Back Jone Delon Ete Mark in 
8 Pile Construction Stratum Test Arrangement | Resistance aring | Movement beneath | below Pile Base 
in Rock Resistance along Shaft Pile B B Figures 
(m) | (m) Socket | (mm) on Perc) =H 4 
mm 
Tie oe on) (%) (mm) (MPa) 
(kPa) 
Stage 1 — 
; compression test 
Bored pile — constructed loaded by 3700 24.8 2200 8.4 P10-1 
= 2 thee core Rock socket and base |Kentledge with 
39.9 1.2 — [uncer water. RCD used to |constructed at grade II [Soft toe 29 50 <60 62 
form 1.5 m rock socket. eae ciltetone StaaeD 
Construction time ~ 600 age eT 
hours coup ie PB) eG00% 17 26530 13.6 P10-20 
West Rail, tension test loaded a 
Tin Shui by Osterberg cell 
Wai 
See eee test 
Boron z constructed Pile base founded on _||oaded b NA 19 19400 NA P1l-1 
by grabs with casing . y 
Baan estan grade II meta-siltstone. )kentledge 
39.4 1.35 — [uncer water. RCD used to NA 88 357 25.9 
form a nominal 0.7 m rock|,.. ; Stase 2 — 
socket. Construction time Pile et meade y ion test 
i meta-siltstone compression tes - 
~ 360 hours loaded by NA 17 24000 2 P11-20 
Osterberg cell 
Stage 1 — 
compression test 
F Pile base founded on _||oaded b NA 21 1906 9.5 P13-1 
. Bored pile — constructed : y 
West Rail, Ly Orbe acicasin grade III granite. kentledge 
Yen Chow| 49.4 1S ee es 8 35 49 <60 15 
Street under warer. RCD used to |pije shaft in grade V_|Stage 2 — 
form 2.0 m rock socket : Parnnrossioutest 
granite. P NA 10 19675 15.5 P13-20 
loaded by 


Osterberg cell 
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Table A4 — Interpreted Shaft Resistance and End-bearing Resistance in Loading Tests on Instrumented Replacement Piles Embedded in Rock in Hong 


Kong (Sheet 5 of 5) 


Maximum 
Mobilised oe Average | Average | Average 6, 
‘ . Average . Mobilise Measured | *¥&T@8e Se RQD of | Spacing of | of Rock 
Pile Pile Shaft Pile Head End- ; of Rock : . 
Length | Dimension i Movement | bearing pile Pane Material Back Jone Delon Ete Mark in 
Pile Construction Stratum Test Arrangement | Resistance ; Movement beneath | below Pile Base : 
in Rock Resistance along Shaft} ,. Figures 
Pile Base Base 
Reference | (m) (m) Socket (mm) (mm) 
(kPa) (MPa) 
Tmax (%) (mm) (MPa) 
(kPa) 
Pile base founded on 
Bored pile — constructed {grade II marble and 
West Rail, with grabs and RCD for |marble mass class I Compression test 
Yuen Long} 40.6 1.2 forming a nominal 0.7 m loaded by NA 23 25000 3 NA 83 167 - 263 42 P14 
Station rock socket. Construction |Pile shaft in karstic kentledge 
time ~ 264 hours deposit comprising 
clayey silty sand 
Bored pile — constructed Pile Dasesoundes:on . 
: ; : grade II marble and Compression test 
with grabs with casing 
‘ marble mass class III loaded by 
West Rail, under water. RCD was Osterbers cell 
Long Ping | 69.89 1.2 used to form a nominal : ‘ : 8 NA 14.5 25900 12.6 NA 84 83 — 227 29.7 P150 
? Pile shaft in completely |with kentledge at 
Station 0.6 m rock socket. : 
paaeS decomposed meta- ground to resist 
Construction time ~ 792 : ; ; ; 
siltstone and karstic uplift of pile 
hours _ 
deposit. 
, ‘ Grade II/III granite Compression test 
ham eral: | aga yg >| HARRIE Galsson Wath © il ti acafr ioe arpile: | [loaded by 670* 16 NA NA 7 70 NA NA Cl 
(1991) 0.75 m rock socket 
base kentledge 
Shiu & iid 29 : 
Chung | 33.4 gis. | || Minepiles with 4.3's0 tock de Iii eranite NA 1750 19 NA NA 45 NA NA NA P16 
socket 
(1994) 
Notes: (1) * denotes substantially mobilised shaft resistance and end-bearing resistance 


(2) NA denotes information not available 
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Legend: 

@ Substantially mobilised fo) Affected by construction problems A Degree of mobilisation unknown 
Notes : 
(1) Possible problem with bentonite in filter cake, P17, P18 & P19. 
(2) Erratic strain gauge data in P2. 
(3) For details of tested materials and pile construction, see Table A1. 
(4) Pile mark designation: prefix — B for barrettes, P for bored piles and C for hand-dug caissons. 

suffix — C for compression test, T for tension test and 1 or 2 for stages of pile loading test. 


Figure Al — Relationship between Maximum Mobilised Average Shaft Resistance and Mean Vertical Effective Stress for Replacement Piles 
Installed in Saprolites 
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Notes : 
(1) Possible problem with bentonite in filter cake, P17, P18 & P19. 
(2) Erratic strain gauge data in P2. 
(3) For details of tested materials and pile construction, see Table A1. 
(4) Pile mark designation: prefix — B for barrettes, P for bored piles and C for hand-dug caissons. 
suffix — C for compression test, T for tension test and 1 or 2 for stages of pile loading test. 


Figure A2 — Relationship between Maximum Mobilised Average Shaft Resistance and Mean SPT N Values for Replacement Piles Installed in 
Saprolites 
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Legend : 
° Substantially mobilised 
Notes : 
(1) For details of tested materials and pile construction, see Table A2. 
(2) Pile mark designation: prefix — B for barrettes, P for bored piles. 


Figure A3 — Relationship between Maximum Mobilised Average Shaft Resistance and Mean Vertical Effective Stress for Replacement Piles with Shaft-grouting 
Installed in Saprolites 
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Legend: 
° Substantially mobilised 
Notes : 
(1) _ For details of tested materials and pile construction, see Table A2. 
(2) Pile mark designation: prefix — B for barrettes, P for bored piles. 


Figure A4 — Relationship between Maximum Mobilised Average Shaft Resistance and Mean SPT N Values for Replacement Piles with Shaft-grouting Installed 
in Saprolites 
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Legend : 
rf Substantially mobilised A Degree of mobilisation unknown 
Notes: 
(1) _ For details of tested materials and pile construction, see Table A3. 
(2) All piles in decomposed granite except D3, D4 & D8, which are installed in decomposed meta-siltstones. 
(3) Piles D3 & D4 were driven steel H piles installed to specified depths instead of driven to set. 


Figure A5 — Relationship between Maximum Mobilised Average Shaft Resistance and Mean Vertical Effective Stress for Displacement Piles Installed in 
Saprolites 
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Notes : 


(1) _ For details of tested materials and pile construction, see Table A3. 

(2) All piles in decomposed granite except D3, D4 & D8, which are installed in decomposed meta-siltstones. 
(3) Piles D3 & D4 were driven steel H piles installed to specified depths instead of driven to set. 

(4) Piles D10 — D15 were driven steel H piles in decomposed granites. 
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Figure A6 — Relationship between Maximum Mobilised Average Shaft Resistance and Mean SPT N Values for Displacement Piles Installed in Saprolites 


T9E 


362 


363 


GLOSSARY OF SYMBOLS 


364 


365 


GLOSSARY OF SYMBOLS 


cross-sectional area of pile base 

concrete cross-sectional area of pile 

area of pile cap 

cross-sectional area of pile element n 

cross-sectional area of pile 

area of steel reinforcement in concrete pile 

exponent for stiffness efficiency factor 

aperature of discontinuities 

equivalent width of bell 

width of shallow foundation 

effective width of shallow foundation 

width of test plate in plate loading tests 

compression index of soil 

secondary compression index of soil 

compression of internal spring m at time t 

correction factors for depth and shape 

cohesion of soil 

cohesion of soil or rock joint in terms of effective stress 
temporary compression of pile cuhsion 

spacing of discontinuities 

temporary compression of pile during pile driving 
temporary compression of ground at pile toe during pile driving 
undrained shear strength of soil 

velocity of longitudinal stress wave through pile 

pile width or width of pile foundation in the direction of rotation 
foundation base width or base diameter 

damping factor 

depth from ground surface to the base of shallow foundation 
relative density of sand 

diameter of shaft in soil or rock socket 

displacement of pile element m at time t 

plastic displacement of external spring m at time t 
depth factor 

depth below base of foundation 

thickness of clay layer 

height of hammer fall 

thickness of soil layer i 

foundation depth below rock surface 
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pile driving energy 
weighted mean value of Young's modulus of founding material along 
length of pile 


Young's modulus of concrete 

drained horizontal Young's modulus of soil 

modulus of soil layer i 

modulus of rock mass 

average energy transferred in pile driving measured by pile driver analyzer 
Young's modulus of pile at element n 

Young's modulus of pile 

equivalent Young's modulus of pile 

Young's modulus of rock 

Young's modulus of soil 

drained vertical Young's modulus of soil 

coefficient of restitution 

eccentricty of horizontal load measured from ground level 
eccentricity of vertical load from centre of pile or pile group 


effective eccentricity of load or equivalent free length of fixed-head piles 
above point of virtual fixity 


eccentricity of load along B direction 

eccentricity of load along L direction 

initial void ratio 

moment coefficient 

force at a given pile section 

unit applied force in pile section 

(global) factor of safety 

shear coefficient 

force in internal spring m at time t 

deflection coefficient 

coefficient for calculating foundation settlement 
mobilisation factor for base resistance 

specified grade strength of concrete 

multipliers to convert load and deflection of a single pile to a pile group 
ultimate negative skin friction 

mobilisation factor for skin friction 

yield stress of steel 

depth of maximum bending moment on laterally loaded pile 
shear modulus of soil 

shear modulus of soil at pile base 

characteristic shear modulus of soil 

shear modulus of soil at depth of pile length 

quake for external spring m (or maximum elastic soil deformation) 
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equivalent shear modulus = G(1 + 0.75v.) 


equivalent shear modulus at depth equal to a quarter of critical pile length, 
Le 


gravitational acceleration 

horizontal load 

lateral load of a group pile and a single pile 
thickness of soils subject to secondary consolidation 
ultimate value of lateral load 

total applied horizontal load in x-direction 
horizontal load on pile i 

influence factor for computing pile cap stiffness 
moment of inertia of pile 

shape factor of shallow foundation 

influence factors for pile settlement computation 
moment of inertia of pile group with respect to x and y axes respectively 
product of inertia of pile group about its centroid 


moment of inertia of i'" pile about its y-axis (orthogonal to the direction of 
applied force) 


soil-damping constant at element m 

damping coefficient in CASE analysis 

Smith damping coefficient 

pile stiffness factor 

stiffness of pile cap 

dynamic stiffness of pile head 

overall foundation stiffness 

stiffness of pile group 

modulus of horizontal subgrade reaction of pile 
pile stiffness under lateral loads 

coefficient of earth pressure at rest 

coefficient of passive pressure 

passive pressure coefficients for short piles subject to lateral loading 
stiffness factor of rock socket under lateral loading 
coefficient of earth pressure 

bearing pressure coefficient 

pile stiffness under vertical loads 

spring constant for internal spring m 

spring constant for external spring m 
proportionality constant for the estimation of peak particle velocity due to 
pile driving 

coefficient of horizontal subgrade reaction 
coefficient of permeability of soil 
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embedded length of pile 

active pile length 

critical pile length 

length of foundation 

effective length of shallow foundation 

length of element i 

resonating length 

length of rock socket 

top elevation of rock core in marble for computing MQD 
bottom elevation of rock core in marble for computing MQD 
length of marble cores for computing MQD 

applied bending moment on pile 

moment in fixed-head piles induced by lateral force 
maximum bending moment 

characteristic mobility 

ultimate moment of resistance of pile 


moment about centroid of pile group with respect to the x and y axes 
respectively 


effective moment with respect to x and y axes respectively, taking into account 
the symmetry of the pile layout 


pile element number 
coefficient for inclination factors 
uncorrected SPT blowcount 


mean SPT N value 

number of blows of hammer per minute 
bearing capacity factors 

SPT blowcount after pile driving 

GCO probe blowcount 

breakout factor 

tan’ (45° + 6' /2) 

number of observations, elements or entities 
constant of horizontal subgrade reaction 
number of piles in pile groups 

applied vertical load 

axial load on an individual pile i 

applied load at pile base 

load carried by pile cap 

critical buckling load of pile 

load carried by pile group 

soil reaction per unit length of pile 

axial load on an individual pile segment i 
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PL concentrated horizontal force at pile tip due to passive soil resistance 

PLIso point load index strength of rock specimen of 50 mm diameter 

Pa mobility at resonance (peak) 

Pa load due to ultimate negative skin friction 

P, load along pile shaft 

P, load applied at pile head 

Pz unit passive resistance per unit width of pile at depth z 

) soil pressure 

Pb depth of the outer dimension of pile section 

Pn perimeter length of pile element n 

ppv peak particle velocity 

Pw width of the outer dimension of pile section 

Qn mobility at anti-resonance (trough) 

Qimnax maximum test load 

Qo ultimate concentric vertical load 

Q; ultimate skin friction capacity under tension 

Qu ultimate load on shallow foundation 

Qut ultimate load capacity or ultimate resistance below the neutral point when 
considering negative skin friction 

Qy vertical component of the ultimate eccentric and inclined load 

Qwt working load under tension loading 

q bearing pressure on rock masses or soils 

a allowable bearing pressure 

db ultimate end-bearing resistance 

net mean net ground bearing pressure 

qu ultimate bearing capacity of shallow foundation 

u-core average unconfined compressive strength of rock core 

R characteristic length or stiffness factor of pile in clay 

Ra ratio of pile cross-sectional area to area bounded by outer circumference 
of pile 

Ra dynamic component of pile penetration resistance or driving resistance 

R,(m) dynamic resistance of pile element m 

Rg stiffness efficiency factor which is an inverse of the group settlement ratio 

Rgs group settlement ratio of pile 

Ri group lateral deflection ratio 

Ry reduction factor for n, 

Rp driving resistance at pile toe 

Rs static component of pile penetration resistance 

Rsu(m) ultimate static resistance of external soil spring m 

R(m,t) force exerted by external spring m on element m at time t 


Tb radius of pile base 
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equivalent radius of pile cap for each pile 
reduction factor for load eccentricity 


reduction factor for ultimate bearing capacity of vertical piles under 
eccentric and inclined loads 


reduction factor for inclination of load 

radius of influence of pile under axial loading 

pile radius or radius of an equivalent circular pile 
permanent set of pile 

secondary compression 

allowable settlement of shallow foundation 
centre-to-centre spacing of pile 

characteristic length or stiffness factor of pile in granular soils 
average first arrival time of sonic pulse 

maximum measured first arrival time of sonic pulse 
time 

time when primary consolidations completed 

time for which secondary consolidation is allowed 
particle velocity 

velocity of pile tip 

wave velocity in concrete 

first peak in velocity after falling mass contacts pile top 
velocity of pile at each segment 

pile head velocity 

second peak in velocity upon arrival of reflected wave at pile top 
velocity of pile element m at time t 

weight of ram 

effective self weight of the soil above the founding level 
weight of hammer 

design working load of pile 

weight of pile 

weight of pile helmet 

effective self weight of pile 

weight of element m 

distance between point of rotation and ground surface 
distance of shallow foundation from slope crest 
distance of pile i from y and x axes respectively 

pile impedance 


pile impedance below and above a given level where there is a significant 
change in impedance 


depth below ground surface 
vertical distance between point of virtual fixity and ground surface 


dng, Onp 
Oi 
ou, My, Vu 


om, Mu, Vu 
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horizontal distance from pile axis 

time interval 

frequency interval 

interaction factor for settlement analysis of pile groups 

adhesion factor 

average pile interaction factor between pile and piled raft 
inclination of the base of shallow foundation 

efficiency of pile hammer 

angle of inclination of applied load 

angle of departure that the pile makes with the direction of loading 
interaction factor for deflection of pile 

shaft friction coefficient 

maximum shaft friction coefficient determined in pile loading tests 


damage classification factor = ratio of impedance of the pile section above 


and below a given level 

angle of inclination of pile 

relative pile/soil settlement or pile settlement 

pile base movement 

base settlement due to interation from the i-th pile 
elastic deformation of pile element 

settlement of shallow foundation 

lateral deflection of pile 

lateral deflection of a pile group and a single pile 
movement at the middle of pile element i 


lateral pile movement, moment and shear force in pile due to applied 
horizontal load 


lateral pile movement, moment and shear force in pile due to applied 
moment 


maximum pile head settlement 
settlement of test plates 
pile head settlement at failure or maximum test load 


residual (or permanent) pile head settlement upon unloading from 
maximum test load 


angle of interface friction at pile/soil interface 

pile head settlement 

settlement due to shaft resistance along pile shaft 

shaft settlement due to interation from the i-th pile 

pile head settlement at 90% of failure or maximum test load 
angle of shearing resistance of founding material 

critical state friction angle of soil 

residual angle of shearing resistance of soil 


Ces Cys» Cas 
Ccis Cyis Cai 

Ccgs Cyg> Cag 
Cets Cys Cat 

Obase 

Oc 

Opile 

Oy 
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angle of shearing resistance of soil prior to pile installation 
bulk unit weight of soil 

effective unit weight of rock mass 

effective unit weight of soil 

unit weight of water 

group reduction or efficiency factor 

efficiency of hammer (allowing for energy loss on impact) 
ratio of underream for underream piles 

upward hydraulic gradient 

angle of shearing resistance between base of shallow foundation and soil 
pile stiffness ratio 

Poisson's ratio of pile 

Poisson's ratio of rock 

Poisson's ratio of soil 

pile rotation at ground surface, or butt slope 
constant butt slope 

slope angle 

Rate of variation of shear modulus of soil with depth 
density of concrete 

degree of soil homogeneity over critical length L, 
microstrain 

measure of radius of influence of pile 

influence factors for shape of shallow foundation 
influence factors for inclination of load 

influence factors for ground surface 

influence factors for tilting of foundation base 
applied stress at pile base 

uniaxial compressive strength of rock 

applied stress at pile head 

vertical effective stress 

shear stress on pile element i 

maximum mobilised aver age shaft resistance 
ultimate shaft resistance in rock socket 

average shaft resistance along pile shaft 

ultimate shaft resistance (or skin friction) 

mobilised shaft resistance in rock socket 

slope inclination in front of shallow foundation 
Ratio of G,/G, 

angle of dilation of soil 

signal or excitation frequency 
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Barrettes. A variant of the traditional bored pile with rectangular cross-section. The 
rectangular holes are excavated with the use of grabs. 


End-bearing resistance. Load-carrying capacity of pile due to bearing capacity of the soil 
below pile tip. 


Best-estimate parameter. Value of parameter which is representative of the properties of 
material in the field. 


Composite piles. Special piles of various combinations of materials in driven piles or 
combinations of bored piles with driven piles. 


Continuous-flight auger (cfa) piles. A proprietary piling system in which the bore is formed 
using a flight auger and concrete or grout is pumped in through the hollow stem. 


Downdrag. The downward movement of a pile due to negative skin friction and is 
expressed in terms of settlement. 


Dragload. The load transferred to a pile due to negative skin friction. 


Driven cast-in-place piles. Piles formed by driving a steel tube into the ground to the 
required set or depth and withdrawing the tube after concrete placement. 


Hand-dug caisson. A bored pile in which the bore is formed manually by using hand tools 
in stages. 


Large-diameter bored piles. Bored piles of diameter greater than about 750 mm, e.g. 
machine bored piles. 


Large-displacement piles. All solid driven piles, including precast concrete piles, and steel 
or concrete tubes closed at the lower end by a driving shoe or a plug. 


Mini-piles. Small diameter piles which are formed by small drilling rigs with the use of 
down-the-hole hammers, rotary or rotary percussive drills and are subsequently 
grouted. 


Mobilisation factors. Factors applied to shaft resistance and end-bearing resistance to 
estimate the allowable capacity of pile, taking into account different amounts of 
movement to mobilise shaft resistance and end-bearing resistance. 
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Negative skin friction. Soil traction act downward along the pile shaft as a result of a 
downdrag and induce compression in pile. 


Neutral plane. The depth where there is no relative movement between the pile and the 
surrounding soil. 


Precast concrete piles. Reinforced concrete piles, with or without prestress, cast and then 
driven into ground. 


Replacement pile. Pile formed by machine boring, grabbing or hand digging. 


Saprolites. Soil derived from insitu rock weathering, which retains evidence of the original 
rock texture, fabric and structure. 


Shaft resistance. Load-carrying capacity of pile due to soil resistance developed at pile/soil 
interface in response to applied load. 


Small-diameter bored piles. Bored piles of small diameter less than about 750 mm. 


Small-displacement piles. Driven rolled steel sections such as H-piles and open-ended 
tubular piles. 


Special piles. Particular pile types or variants of existing pile types introduced to improve 
efficiency or overcome problems related to special ground conditions. 


Steel H-piles. Piles of rolled steel section of H-shape in cross-section. 


Steel tubular piles. Preformed hollow steel piles of circular section. 


